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ABSTRACT 

The red quasar 3C212 {z = 1.049) is one of the most distant and most luminous AGN which has 
shown evidence of an X-ray warm absorber. In order to further investigate this unusual quasar, we 
used C/iandra/ ACIS-S to observe 3C212 for 19.5 ksec, resulting in a net detection of ~ 4000 counts. 
The Chandra data confirm the presence of an excess absorbing column Nh ~ 4 x 10^^ cm~^ at the 
quasar redshift, but we find no compelling evidence for a warm absorber. Using both the Chandra and 
archival ROSAT PSPC data, we obtain very good fits for both a partially covered neutral absorber 
and a low-ionization {U = 0.03) photo-ionized absorber. In the ultraviolet, 3C212 shows a strong 
associated Mg ii absorber. Based on a moderate resolution (80kms^^) MMT spectrum we show 
that the absorber is highly saturated and has a covering fraction less than 60%, implying that the 
absorber is truly intrinsic to the quasar. Photo-ionization modeling of the Mg ii absorber yields a 
constraint on the ionization parameter oiU < 0.03, inconsistent with a warm UV/X-ray absorber. In 
addition to our spectral analysis, we find evidence in the ACIS image data for weak extended emission 
surrounding the quasar as well as emission corresponding to the radio lobes at a distance of 5" from 
3C212. The statistical significance of these features is low, but we briefly explore the implications if 
the detections are valid. 

Subject headings: quasars: absorption lines — quasars: individual (3C212) — ultraviolet: galaxies — 
X-rays: galaxies 



1. INTRODUCTION 

3C212 (Q0855-I-143) is a radio-loud quasar at redshift 
z = 1.049. It is one of the prototype "red quasars" 
ijSmith fc Spinradl [19801 which have' very faint optical 
counterparts, but are bright in the near infrared (1-2/im) 
l|Rieke. Lebofskv. fc Kim^[T979t). Red quasars could 
be missed in typical survevs. and lWebster et al] l|1995fl 
proposed that up to 80% of radio-loud quasars are hid- 
den in the optical. Studying the connection between this 
reddening and other quasar properties can provide in- 
sight into the structure of AGNs as well as their overall 
population statistics. If the red quasar colors are due to 
dust-reddening al ong the line of sight (see discussion in 
lElvis et al.ll994a|) . perhaps associated with an obscuring 
torus, it is reasonable to search for other forms of absorp- 
tion. For IR-selected re d quasars from the 2MASS sam- 
ple l|Cutri et al.ll200Hl . iWilkes et all pOO^ found that 
the implied intrinsic absorption (based on the hardness 
ratio) is generally high {Nh ~ 10^^ — 10^'^ cm~^, but that 
there is no correlation between redness and hardness ra- 
tio. This lack of a good correlation is problematic for 
simple orientation dependent models, but it may just be 
due to source spectral complexity which is not modelled 
due to limited signal to noise. As a complement to broad 
surveys of red quasars, 3C212 provides the opportunity 
to study a single object in detail. In addition to being 
red in the optical, 3C 212 harbors an associated Mg ii ab- 
sorption system (|Aldcroft, Bcchtold. & Elvis 1994) and 
soft X-ray absorpt ion detected with the ROSAT PSPC 
llElvis et abin994a[l . 

The ROSAT PSPC spectrum of 3C212 was first pub- 
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lished and carefully analyzed by lElvis et aP l)1994aj) . 

These authors considered a wide variety of possible spec- 
tral shapes, including absorbed and unabsorbed power- 
laws, pure blackbody radiation, and a Raymond-Smith 
thermal plasma. Their main conclusion regarding the 
X-ray spectrum was that all models which include ex- 
cess absorption were consistent with the data. The ex- 
cellent low-energy response of ROSAT down to 0.1 keV 
positively establishes the presence of absorption, but the 
high energy cutoff of just 2.4 keV allowed degeneracy in 
the physical emission mechanism. 

Extending the X-ray spectral analvsis. iMathuil l)1994ll 
assumed a power-law as the underlying emission and 
considered the possibility of a warm absorber. They 
found an improvement (significant at 98% confidence, us- 
ing the F-test) in the fit statistic when a redshifted 
{z — 1.049) O VII a bsorption edge was added. However, 
the conclusion that iMathuil (|1994D reached, that 3C212 
harbors an X-ray/UV warm absorber with ionization pa- 
rameter U ~ 0.3, is dependent on the assumed power-law 
shape. 

In order to further understand this interesting object, 
3C212 was observed as a Chandra GTO target. In this 
paper we describe the results of the observation and our 
spectral and imaging analysis. In Section [21 we describe 
the observations and data reduction. Section [Hj gives de- 
tails of our spectral modeling of the point source, while 
in Section0]we discuss the extended emission which may 
be present. Finally, in Section [31 we present an optical 
spectrum of 3C 212 and discuss the Mg ii absorption, and 
in Section [HI we present a discussion of our findings. 

2. OBSERVATIONS AND DATA REDUCTION 
2.1. Chandra 



3C 212 was obser ved with C/t andrad Weisskonf et alJ 
[2()0^ using ACIS-S lIGarmire et a l. 200$ for 19.5 ksec 
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on 2000-10- 26 (ObsID 434). The source was placed on 
the HRMA l)van Spevbroeck et al.lll99'^ optical axis at 
the default aimpoint of the ACTS S3 chip. A 1/8 sub- 
array readout mode with 0.5 sec integrations was selected 
in order to mitigate pile-up. Within the broadband en- 
ergy range 0.3 - lOkeV, a net total of 4006 counts in the 
4" source region were detected, with the X-ray celestial 
coordinates of the source matching the optical 3C 212 
coordinates to within ^ 1". 

The Chandra X-ray observation data was produced 
by the CXCDS automatic processing pipeline, ver- 
sion R4CU5UPD13.2. In order to take advantage 
of subsequent improvements in the ACIS response 
and gain calibration files, we used the ClAO tool 
acis_process_events to update the event file. CIAO'^ 
version 2.2 and CALDB'' version 2.10 were used in all 
data analysis and processing tasks. 

The spectral data reduction followed the standard 
CIAO 2.3 thread^ to extract an ACIS spectrum: (1) 
Extract source events within a 4.0" radius; (2) Create 
the aspect histogram file; (3) Create the RMF and ARF 
files appropriate to the time-dependent source position 
on chip. In addition to the standard thread, the event 
data were filtered on energy to use the range 0.3 - 8.0 
keV, and they were grouped to an average of 30 counts 
per bin. The actual minimum count value for each bin 
was chosen randomly from a gaussian distribution having 
a mean of 30, standard deviation of 5, and constrained 
to lie between 20 and 40. 

It should be be noted that the region used to extract 
the spectrum includes the possible extended emission 
discussed in Section ^ However, this component is ex- 
tremely faint (< 30 counts) compared to the core, with 
a spectral distribution consistent with a 3 keV thermal 
plasma, and thus does not significantly affect the spec- 
tral fitting. 

The Chandra ACIS-S image of the source is shown in 
Figure ^ with 0.5 arcsec spatial binning correspond- 
ing to the ACIS CCD pixel size. The pixel intensi- 
ties have been scaled logarithmically. The X-ray emis- 
sion does appears circularly symmetric, as would be ex- 
pected for such an on-axis point source. Overlayed on 
the image are c ontours from the 3.6 cm VL A radio map 
(adapted from l|Stockton fc RidgwavllTOQl ). The possi- 
ble extended emission and its relation to the radio jet is 
discussed in Section 0] 

2.2. ROSAT 

3C212 was observed with the ROSAT PSPC 
l|Pfcffcrmaj] [T987t iTrumpe^HjS^ between 1992-05-12 to 
1992-05-18 for a total of 21.6 ksec. Within a 2' source 
circle a net total of 770 counts were detected. The data 
were retrieved from the ROSAT public archive and the 
spectrum was extracted using CIAO tools. The back- 
ground was determined from a circular annulus with 
inner and outer radii of 3' and 6', respectively. We 
used the standard on-axis PSPC response matrix file 
pspcb^ain2_ 256 . r sp, and ignored channels 1-11 in our 
analysis. See lElvis et al. (1994a) for further discussion 
of the PSPC observation, including their Figure 1 which 

^ http://cxc.harvard.edu/ciao/ 

* http://cxc.harvard.edu/caldb/ 

^ http:/ /asc.harvard.edu/ciao/threads/psextract/ 



shows the PSPC image and the contaminating point 
sources which required removal. 

3. SPECTRAL FITTING 

Spectral fitting on the ACIS and PSPC 
data was carried out with CI AO 2.2 Sherpa 
ijFreeman. Doe, fc Siemiginowskal 120011) . using 
Levenberg-Marquardt minimization and the Gehrels 
statistic. As one would expect based on current knowl- 
edge of quasar X-ray spectra, e.g. iR.eeves fc Turned 
()2000(1 . the ACIS spectrum is highly inconsistent with 
a pure blackbody or Raymond-Smith plasma spectral 
shape. The best fit for a redshifted blackbody with 
Galactic absorption {Nh = 3.6 x 10^" cm~^) gives 
= 367 for 102 DOF, which is clearly disallowed. Thus 
the possibility of a thermal spect rum, left open with the 
ROSAT data l|Elvis et alJll994a^ ■ is no longer allowed. 

In contrast, an absorbed power-law model fits the 
ACIS data quite well. The results of fitting power-law 
models with different absorption models are given in Ta- 
ble ^ Using only the ACIS data, we see a significant im- 
provement in when comparing the model with entirely 
Galactic absorption {Nh free) to a model with intrinsic 
neutral absorption at z = 1.049. To quantify the limit 
on absorber redshift, we fit a model with a redshifted 
absorber where the redshift of the intrinsic absorber was 
free to vary. Although not well constrained, the best fit 
value of absorber redshift is 1.2, which is a good match 
to the quasar redshift of z = 1.049. From our fit the 
95% confidence lower limit on the absorber redshift is 
Zabs > 0.25. 

Unfortunately, the response and calibration accuracy 
of ACIS-S fall off rapidly below about 0.5 keV, making it 
difficult to distinguish between different absorption sce- 
narios. The key diagnostic edges of O vii and O viii are 
shifted to 0.35 keV and 0.41 keV respectively at z=1.049. 
The low energy response of the PSPC data can help. 
Since the observations were taken about 8 years apart, 
variability is an obvious concern. However, we find only 
a moderate increase of 37% in source flux (0.5 - 2.5 keV) 
from the ROSAT to Chandra observation, and the power- 
law spectral index for non-BL L ac type quasars d oes not 
typically show large variability l|Sambrunalll997|) . 

The spectral fits and residuals for the remaining four 
models, which have absorption ai z — 1.049, are plotted 
in Figure [3 

The results of simultaneous fitting of the ACIS -I- 
PSPC data sets are shown in the second section of Ta- 
ble n Here we fit exactly the same model to each data 
set, but add a relative normalization parameter which is 
free to vary. The first two models, which include only 
absorption at = 0, give much larger values of than 
the intrinsic absorption models, and can be excluded. 
A simple power-law with a neutral absorbing column of 
4.2 X 10^"'^ cm~^ at the quasar redshift gives a good fit 
to the data, giving a of 106.6 for 124 DOF. Adding a 
partial-covering factor (Figure |2^) improves the x^ only 
marginally, although the very lowest energy PSPC points 
are fit better. A larger improvement in the fit is found 
by adding an absorbing O vii edge at the quasar red- 
shift ( Figure [Jb) . This confirms the finding of MathuJ 
(|]j)94), though with the addition of the ACIS data and 
a well-constrained power-law photon index, we now find 
a smaller optical depth (1.3 versus 3.9) with a somewhat 
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Fig. 1. — 18"xl2" segment of the 20 ksec ACIS-S exposure of 3C212, overlayod with contours from the 3.6 cm VLA map. North is up 
and East is to the left. 



Table 1 
Spectral fit parameters 



Model 



r Amplitude Nh Gai Nh z Other 
(a) (b) (c) (dj (e) 



X' (DOF) 



ACTS Only 



Gal Nh (fixed) 


1.27 ±0.04 


2.06 ± 0.07 


(0.36) 






232.7(102) 


Gal Nh (free) 


1.81 ±0.09 


3.63 ±0.30 


1.7 ±0.2 






99.1(101) 


Nh{z = 1.049) X O VII edge 


1.69 ±0.09 


3.11 ±0.24 


(0.36) 




n R+2-2 
'edge — — 3,2 


83.2(100) 


Part. Gov. Nniz = 1.049) 


1.71 ±0.08 


3.17 ±0.20 


(0.36) 


4Atli 


IPC = l-0_o.i 


83.3(100) 



ACIS + PSPG 



Gal Nh (fixed) 


1.25 ±0.04 


2.06 ±0.07 


(0.36) 


271.5(125) 


Gal Nh (free) 


1.81 ±0.09 


3.57 ±0.30 


1.6 ±0.2 


128.0(124) 


Nh{z = 1.049)" 


1.71 ±0.08 


3.14 ±0.20 


(0.36) 4.2 ±0.1 


106.6(124) 


Part. Gov. Nniz = 1.049) 


1.72 ±0.08 


3.19 ±0.22 


(0.36) 4.8t\i /pc = 0.94l°:°| 


105.7(123) 


Nh{z = 1.049) X O VII edge 


1.69 ±0.08 


3.07 ±0.18 


(0.36) 2.3tli Tedge = l-ZtH 


102.3(123) 



ACIS + PSPG (Fpspc = Facts ± 0.4) 



Gal Nh (fixed) 




1.22 ±0.04 


2.03 ±0.07 


(0.36) 






316.0(125) 


Part. Gov. Nh{z 


= 1.049) 


1.72 ±0.08 


3.20 ±0.21 


(0.36) 




fpc = 0.96t°:°? 


96.5(123) 


Nh{z = 1.049) X 


O VII edge 


1.70 ±0.08 


3.14 ±0.18 


(0.36) 


3.5+1° 


' edge ^' ' — 1.3 


95.6(123) 


Warm Abs. {z = 


1.049) 


1.71 ±0.06 


3.20 ±0.23 


(0.36) 




log U < -0.8 


99.0(122) 



Notes: Uncertainties are 90% confidence limits. Fit values in parentheses are frozen, (a) Power law photon index, 
(b) Power law normalization in units of 10~^ photons cm~^ s~^ keV~^ at 1 keV (c) Absorbing column (10^^ cm~'^) at 
z = 0. (d) Absorbing column (10^^ cm~^) at quasar redshift. (e) fpc ~ partial covering fraction, r^dge ~ edge optical 
depth, U = GLOUDY ionization parameter, (f) Best fit parameter values found bv iMathuh (,1994V 



improved detection confidence of 2-cr. These va lues can 
be com pared with the best fit values found bv iMathuil 
iITqqI of r = 2.5, NH,^ = 3.6 X lO^i, and tovii = 3.9. 
The power-law derived using only PSPC data is too steep 
to be compatible with the ACIS data. 

The third section of Table ^ shows the results of si- 
multaneous fitting of the ACIS and PSPC data sets, 



where we have imposed the constraint on spectral in- 
dices of Ppspc = Tacis + 0.4. This is motivated by 
results which indicate that AGN spectral indices de- 
rived with the ROSAT PSPC are systematically steeper 
(AF « 0.4 ) than tho se from the ASCA SIS and the Ein- 
stein IPCJFio^^^al. 1994; Iwasawa, Fabian, & Nandr^ 
Il999t iLaor et al.lll99l . This apphes for AGN data fit 
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Fig. 2. — Results of simultaneous spectral fitting of ACIS and PSPC data using two models with intrinsic (z = 1.049) absorption. The 
left plot shows the fit for a partially covered absorber model (fpc = 0-94^Q og) and the right plot shows the fit for an absorber with an 
O VII edge. The lower panels in each of the two plots show the ratio of data/model. 



over the same energy band (0.5 - 2 keV) using a variety 
of spectal n iodels, suggesting a probleni in th e effective 
area curve llwasawa. Fabi an, fc Nandralll999D . For the 
models with intrinsic absorption, we find a significant im- 
provement in the fit , but only small changes in the fit 
parameters (compared to the results for Fpspc = Tacis ) • 
The most notable change is that the best O vii edge 
opacity is decreased to r^dge = O.Tl^'g, implying that 
the edge is only marginally detected. We also fit the 
data with a warm ab sorber model which is based on 
CLOUDY (Version 94; iFerlandllToMl calculations. The 
CLOUDY warm absorber model assumes a photo-ionized 
plasma with Solar metallicity, density of 10^ cm~^, and 
a stan dard AGN ionizing continuum Mat hews fc Ferlandl 
ljl987|) . A contour plot showing 1, 2, and 3 — cr con- 
fidence intervals for absorber Nh versus ionization pa- 
rameter U is given in Figure |2| This points to a neutral 
or low-ionization absorber, and the ionization parameter 
of logJ7 = -0.5 found by Mathur (1994) is just outside 
our 3-cr contour interval. 

One feature which is evident in the ACIS ratio plots 
in Figure 121 is a significant bump at ~ 2.5 keV with a 
width of around 1 keV. This bump is consistent with the 
very broad iron line emissi on reported in MCG- 6-30-15 
during one 26ksec interval (fwa sawa et al . '1996^. which 
iRevnolds fc Begelman (.1997) interpreted as evidence for 
a relativistic accretion disk surrounding a maximally ro- 
tating Kerr black hole. However, we have noticed simi- 
lar residuals at this level (~ 30%) at the same observed 
frame energy are seen in other Chandra quasar spectra, 
and we conclude that the excess is most likely instrumen- 
tal in nature. 

4. EXTENDED EMISSION 

Figure lU shows that the 3C 212 X -ray emission appears 
slightly elongated along the axis defined by the radio jet. 
Furthermore, there is evidence of X-ray emission which 
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Fig. 3. — Plot of 1,2,3-(T contours for a warm absorber model 
fit of 3C 212 data, indicating a low-ionization or neutral intrinsic 
absorber. The dashed lines show constraints on the ionization pa- 
rameter assuming a one-zone UV/X-ray absorber. The limits are 
based on the Mg l/Mg II ratio (lower) and the Mg Il/Af^ (X-ray) 
ra tio (upper). We also show the warm absorber parameters found 
bv lMathuil 119941) . 



is correlated with the hot spots of radio emission, both 
in the jet and at the lobes. 

Looking first at the elongation, Figure^lshows that the 
X-ray image is slightly elongated in the soft band (0.3 - 
2.5 keV). This is inconsistent with the expectation for 
a point source, given that the HRMA PSF is essentially 
circular at the location of this source. In the hard band 
(2.5 - 8.0 keV) no such feature is present, but it should 
be noted that even if the source were truly extended in 
both hard and soft band, the elongation would not be 
detectable the hard band due to the smaller number of 



Chandra Observation of 3C 212 



5 



Background 



Sourqg 

I r 




1 



Annulus 1 



Annulus 2 



Source 



Fig. 4.— Soft-band image (0.3 - 2.5 keV) of 3C 212, showing 
apparent extended emission in the upper-right and lower-left quad- 
rants. Net extended counts for each of two annuli were calculated 
using the indicated source and background wedges. The inner an- 
nulus (2-4") has a net of 30 ± 10 counts, while the outer annulus 
(4-6") has —2 ± 7 counts. In the figure North is up and East is to 
the left. 



counts. 

To estimate the formal significance and luminosity of 
the possible elongated extended emission, we use a sim- 
ple method of dividing the image into quadrants which 
corresp ond to extended source counts and background 
counts ijElvis. Briel. fc H cnrv 1983). The geometry and 
regions are illustrated is Figure 0] We exclude the bulk 
of the central point source counts within 2", and only 
examine two annular rings at radii of 2-4" and 4-6". The 
net counts are calculated simply by summing the counts 
in the two source wedges and subtracting the counts from 
the background wedges. For the inner annulus we find a 
net of 30 ± 10 counts, while the outer annulus is consis- 
tent with no extended flux (—2 ± 7 counts). As a consis- 
tency check of the method, we carried out the same anal- 
ysis for a Chandra ACIS-S observation of AO 0235-1-164 
(Obsid 884). Fortuitously, this source is very similar to 
3C 212 in spectral shape, observed flux, readout mode, 
and aimpoint on the CCD, which makes possible a direct 
comparison of the spatial flux distribution for the two ob- 
servations. In AO 0235-1-164, we find that both annular 
rings are consistent with no asymmetric extended flux as 
seen in 3C 212. 

Another possible origin for the extended flux would be 
the ACIS readout streak associated with the clocking of 
the ACIS CCDs during readout. This must be consid- 
ered because the direction of the extension corresponds 
with the readout direction. However, careful examina- 
tion of the image reveals no evidence of a readout streak. 
Furthermore, the observation of AO0235-fl64, which is 
a close analog to 3C 212 in both count rate (within 10%) 
and CCD frame time (0.5 sec), shows no elongation. 

If the excess of 30 photons in 3C212 originates in a 
thermal bremstraulung plasma at kT =1.5 keV, the flux 
in the 0.3 - 2.5 keV band (observed frame) is / = 6 x 
10~^^ ergs~^ cm^^. The same value of flux is also found 
in the 0.3 - 2.5 keV band in the quasar rest frame. At the 
redshift of 3C212, this flux corresponds to a luminosity 



6C2V2 
SAOSAC 



Radius (arcsec) 

Fig. 5. — Radial profile of of 3C212 (points with vertical error 
bars) and the SAOSAC model profile (line). There is no evidence 
for significant extended emission. 



of i = 3.6 X 10^3 ergs-i (for Hq = 71 kms~iMpc~\ 
Qa = 0.73, and Qm = 0.27). 

A different way of searching for extended emission is 
to compare the observed radial profile to the predicted 
profile generated with the detailed SAOSAC HRMA ray- 
trace model develope d by the CXC calibration group 
(jTibbetts et al .1120001) . An input spectrum correspond- 
ing to the partially-covered neutral absorber model was 
supplied to SAOSAC, which simulated a large number of 
rays being imaged through the HRMA. The resultant set 
of rays were then processed through a simple ACIS sim- 
ulator which accounts for spacecraft dither and aspect 
blurring, ACIS pixelation, and the ACIS quantum effi- 
ciency. The resulting radial profile is shown as the solid 
line in Figure [SJ with the corresponding 3C212 points 
shown as vertical error bars. By this method we also see 
a slight excess at radii of 3 - 10", although this is within 
the systematic uncertainty of the SAOSAC model (D. 
Jerius, personal communication). Nevertheless, the pro- 
file clearly demonstrates that 3C212 is not embedded in 
an X-ray luminous cluster. 

4.1. Jet emission? 

The contours in FigureUcorresp ond to the 3.6 cm VLA 
image, adapted from Figure 1 in iStockton fc Ridewavl 
fr9980 . Within the contours of the Southern and North- 
ern lobes, we see 5 and 3 photons respectively. We can es- 
timate the significance of these numbers by looking at the 
background rate for an annulus centered on the quasar 
at the radius of the lobes (~ 5"). For the Southern lobe, 
the expected counts within a 1.9" diameter circle is 1.4, 
which gives a probability of 1.6% of seeing 5 or more 
counts. For the Northern lobe, we expect 0.9 counts in a 
1.5" diameter circle, so the chance probability of seeing 3 
or more counts is 6.3%. Considering both lobes at once, 
the probability of seeing 8 or more counts is 0.26%. Since 
these locations are pre-defined by the radio lobes these 
are not a posteriori statistics and do suggest a detection. 

These probability estimates must be taken with a 
grain of salt, and certainly the hot spot X-ray fluxes 
are highly uncertain, but it is nevertheless worth calcu- 
lating the basic jet characteristics assuming the counts 
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are truly due to X-ray jet emission. In this case each 
component would have a luminosity on the order of 
L - lO''^ ergs-^ The flux density at 5 GHz for 
the Southern and No rthern hot spots are 13 mJy and 
74 mJy respectively ijAkuior et alJ ITOQll) . The slope 
of the spectrum between the radio and X-ray emission 
{^South{l keV)= 1.93 X lO^^^ ergs cm'^ sec'^ and 
FArort/i(l keV)= 1.17 X 10^-^^ ergs cm~^ sec"^) gives 
spectral indices of asouth — 1-04 and aMorth = 0.94 
respectively {F ^ Note that the long lever arm 

from X-ray to radio makes a only weakly dependent on 
the precise X-ray flux. Hot spots usually emit X-rays 
through synchrotron or synchrotron self-Compton pro- 
cess (SSC, jet synchrotron photons are inverse Compton 
scattered of the relativist ic particles in the jet, sec recent 
reviews by IHarris fc: Kr awczvnski 2002; Wilson 2003). 
Based on the ratio of the radio to X-ray flux densities 
both processes can account for the observed X-rays from 
the hot spots in 3C212. These hot spots are at high 
redshift (z = 1.049) and if the bulk motion of the gas in 
the hot spot is high (Lorentz factors of a few) the X-ray 
emission may be due to the scattering of CMB photons 
on the relativistic electrons. This process is more effec- 
tive at high redshift since the p hoton energy density of 
the CMB scales as (1 + z)'^ (e.g. iHardcastle et al.ll2002t 
ISl ^mieino wska et al. 2002). 

5. ASSOCIATED Mg ii ABSORBER 

3C212 is known to harbor an associated Mg ii ab- 
sorption complex, with components at z = 1.0 491 and 
z = 1.0477 ( Aldcroft. Bcchtold. fc Elvi3 IT99l . Fig- 
ure shows the Mg ii emission region from a previ- 
ously unpublished spectrum (resolution 85kms~^) taken 
with the Multiple Mirror Telescope red channel echel- 
lette on 28-Dec-94. The spectrum was reduced and 
flux calibrated in the standard manner using the IRAF 
noao . imred . echelle package. For reference we also 
show a straight-line fit to the underlying quasar power- 
law continuum. Given that the Mg ii absorption complex 
does not extend below the continuum level, these data do 
not require that the absorbing material obscures the con- 
tinuum source. However, a geometry which covers 100% 
of the broad emission line (BEL) region without covering 
the small central continuum seems highly unlikely. 

In the right panel of FigureElwe show just the Mg ii ab- 
sorption complex, normalized by the continuum + BELR 
flux. The solid line shows a fit to the absorption profile 
using three gaussian Mg ii absorbers, where we have fixed 
the Mg II components (at 2796 A and 2803 A) to have ex- 
actly the same amplitude and FWHM. The doublet line 
oscillator strengths have a 2:1 ratio, so the 1:1 ratio seen 
in the line optical depths over the profile demonstrates 
that the spectrum is consistent with fully saturated line 
components. Thus the profile essentially represents vari- 
ation in covering fraction with outflow velocity. Assum- 
ing an optical depth r > 3 over the width of the pro- 
file implies a lower limit on the Mg ii column density 
of iV(Mgll) > 1.1 X 10^5 cm-2. If both the continuum 
and BELR are absorbed, then the covering fraction is 
C/ < 0.4; if only the continuum is absorbed then we 
have Cf < 0.6. One immediate conclusion is that the 
Mg II absorber in 3C212 is intrinsic to the quasar: par- 
tial covering implies that the absorber size is comparable 
to the quasar UV emitting region and hence much less 



than the size of typical intervening galactic ISM clouds. 

Compl ementary data suppo r ting this conclusion is 
found in iStockton &: Ridgwavl l)1998j) . who used Keck 
LRIS to carry out a comprehensive redshift survey of 
faint galaxies in the 3C212 field. They found only one 
galaxy within 100" with a redshift very near that of 
3C212, and that galaxy redshift of 2 = 1.053 is in- 
consistent with the Mg 11 absorption redshift range of 
z = 1.0475 to z = 1.0492. 

The observation of a saturated Mg 11 complex and non- 
detection of the corresponding Mg i line allows us to 
constrain the ionization level of the absor bing cloud ma- 
terial. We used CLOUDY (Version 94: iFerl audi 11993^ 
to calculate the Mg ionization fractions as a function of 
the dimensionless incident ionization parameter U . In all 
models we used a particle density of 10^ cm^'^, a total 
absorbing column of 3.5 x 10^^ cm~^ (from the O vii 
edge model in Table 01, and solar abundances. In order 
to investigate the effect of the shape of the ionizing con- 
tinuum, we used three different input spectral energy dis- 
tributions (SED): (1) the standard C LOUDY rad i o-quie t 
AGN table model based on Mathew s fc Ferlandl 119871): 
(2) the average SED for radio-loud quasars I^Elvis et all 
ll994bH: (31 the SE D for the radio-loud quasar 3C351 
ijElvis et al.lll994a|) . We find that for the low- ionization 
Mg I and Mg 11 transitions, the results for the three differ- 
ent SEDs are nearly identical. The non-detection of the 
Mg I fine at 2852 A (rest) requires that iV(Mgl) < 1.6 x 
10^^ cm~^ (at 2-cr confidence) and hence \ogU > —1.8. 

If we assume that the X-ray and UV absorption are due 
to the same material (i.e. a one-zone model), then the 
observed lower limit on the Mg 11 column of 7V(MgII) > 
1.1 X 10^^ cm~^ translates into an upper limit on the 
ionization pa rameter l og U < —1.5. These constraints 
confiict with iMathurl l)1994(l . who argued that the ob- 
served Mg II is consistent with a moderately high ion- 
ization level of log U = —0.5. Part of the discrepancy is 
the assumed Mg 11 column, since they considered a range 
from « 2 X 10^'^ to 2 x 10^^ cm~^ (based on lower quality 
optical spectroscopy). However, even at this extreme low 
column, our models indicate that \ogU < —0.8. 

An important point to note from the Mg 11 profile in 
Figure El is that although part of the absorbing mate- 
rial appears to be infiowing at a velocity of up to ~ 
20Gkms-\ this may not be correct. The assumed quasar 
redshift of z = 1.0486 was derived from the [NeV](3426) 
line. However, in Seyfert galaxies this forbidden high- 
ionization line is found to be blueshifted relative to 
the lower ionization lines by as muc h as 450 kms~^ 
ijErkens. Anoenzeller. fc Wagneil Il997^ . This effect is 
correlated with the forbidden line FWHM. Given the 
rather broad profile of [NeV] in 3C 212 (over 700 kms~^), 
the Mg II absorbing material could well be outflowing. 

6. DISCUSSION 

X-ray grating spectra from Chandra and XMM- 
Newton have confirmed that ionized X-ray "warm" ab- 
sorbers share an outflow velocity with the UV ab- 
sorbers seen in the sam e AGN fe.g. ICoflinge et a,1J 
l200lt iKaastra et al]l200l iKasoi et alJl2002|) . although 
the X-ray spectra lack the resolution to distinguish 
all the components seen in the STIS and FUSE 
UV spectra. These X-ray spectra are consistent 
with the high-ionization wind picture deduced by 
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Fig. 6. — Optical spectrum of 3C 212 near the Mg II emission line. Left panel shows the spectrum normalized by the underlying power-law 
continuum (dashed line). Right panel shows a close-up of the associated Mg II absorption complex, normalized by the continuum -|- BELR 
flux. The velocity scale applies to the Mg ll(2796) line and is relative to the estimated quasar redshift z = 1.0486 derived from [NeV](3426). 
The solid line is indicates a fit to the profile using three gaussians. 



iMathur. Elvis, fc Wilke'^ l|1995j) . However, in 3C 212 the 
UV absorber shows low-ionization Mg ii with A^(Mg ii)> 
10^^ cm^^ coexisting with an X-ray absorber with Nu ~ 
4 X 10^^ cm"^ and ionization U < 0.16. The two ab- 
sorbers can only be from the same gas over the relatively 
narrow range of ionization parameter 0.016 < U < 0.03. 

However, the available data do not require such a 
single-zone solution. Elvis (2000) proposed a two-phase 
medium in the wind with the cooler phase correspond- 
ing to the broad emission line region gas. The ioniza- 
tion of this gas is typically \ogU ~ — 1 to —0.7, well in 
line with our observed limit (Figure 0). IKrolik fc Kri^ 
l|2001.) instead suggest a multi-phase medium spanning 
a range of 30 in temperature. X-ray grating spec- 
tra do indicate at lea st two different ioni zation states 
in some AGN winds l|Kaastra et all 120021) . The large 
variation in ionization within single objects inferred 
from high-resolution UV spectroscopy may also im- 
ply multi ple absorbers and stratified ionization (e.g. 
NGC5548 fCrenshaw fc Kraemed [19991) . although some 
of the apparent complexity seems to be analysis depen- 
dent (iKrongo ld et alJl2003(l . In the particular case of 
FIRST J1044-I-3656, using a multi-phase model allows 
a much more physically plausible interpretation of the 
excited state absorption data, moving the absorber dis- 
t ance from 700 pc (single-zon e, Ide Kool et al.ll200l|) to 
4 pc l|Everett. K5nigl. fc Aravll2002|) . 

A two-phase absorber is likely in 3C 212, since the low- 
ionization (Mg ii) material only partially covers (C/ < 
0.6) the continuum source, while the X-ray absorber ap- 
pears to cover the X-ray source completely (C/ > 0.89 
at 90% confidence). If this is the case, then the upper 
and lower-limit constraints (Figure O on the ionization 
of the UV absorbing material do not apply. The upper 
limit depends on the ratio of Mg ii/Nh, so decoupling 
the absorbing regions clearly invalidates our calculation. 
For the lower limit, as one moves to lower ionization pa- 
rameter the relative population abundance of Mg ii in- 
creases faster than that of Mg i. By considering a lower 
UV absorbing cloud column (without the constraint that 
it matches the total X-ray absorbing column), the ion- 
ization can be much lower while maintaining the same 



observed Mg i and Mg ii equivalent widths. This is anal- 
ogous to typical intervening Mg ii absorbers which arise 
in the ISM of foregro und galaxies and typical l y do not 
show Mg I absorption ijSteidel fc Sargentlll99^ . iMathuJ 
l)1994() point out that the lack of detected 21cm absorp- 
tion at the quasar redshift rules out a mostly-neutral 
absorber, but this assumes both a one-zone system as 
well as a 21cm spin temperature of 100 K. The latter 
assumption is particularly unlikely in the vicinity of the 
quasar central black hole. 

If instead both UV and X-ray absorbers have low ion- 
ization then we are probably seeing a different type of 
absorber, one which is c ommonly foun d in absorbed type 
1.8 and 1.9 AGN (Risal iti et alJl200H ). These AGN also 
have reddened continua, and broad emission lines with 
their broad components of H /3 (Seyfert 1.8's) or H a 
and H (3 (Seyfert 1.9's) being suppressed. This strength- 
ens the analogy with the red quasar 3G212. These 
low-ionization absorbers may be unrelated to the high- 
ionization winds. 

The uncertain Mg ii velocity with respect to the nu- 
cleus leaves in doubt whether the low-ionization absorber 
is at rest (as in a torus) or in outflow as in the high- 
ionization winds. High-velocity low-ionization winds are 
seen in Lo BALs (Low Ionization Broa d Abso rption Line 
systems). iRisaliti. Elvis, fc Nicastrol l)2002|) find that 
the Nnieq) of the low-ionization absorbers in Seyfert 
1.8, 1.9's varies in virtually all cases, and does so on 
timescales of a few months. They suggest that a wind 
similar to the high-ionization absorbers but extending to 
larger radii, and so lower ionization, could explain these 
absorbers as well. 

High resolution X-ray spectra of 3C212 down to en- 
ergies of ~ 0.1 keV could discriminate bewteen a single 
and a two-phase medium, measure the absorber covering 
factor, and might measure the velocity of the absorbing 
material. This should be feasible with the next genera- 
tion of large area X-ray telescopes. 

The authors would like thank Susan Ridgway for help- 
ful discussions and for providing a VLA map of 3C212. 
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